INTERN&MTIONAL

e,
AT OMIC EMNERGTY A G ENCY m
UNITED NATIQNQ_ EUU(‘A’I‘IUNAL. AUCTENTIFIC AND CULTURAL ORUGANIZATION

Y
INTERNATIONALL ICENTRE FOR THEORET

ICAL: PHYSICS
‘_:: 34100 TRIKS TH. (TALY) %1 §.0. 8. Baa - MIRAMARE - HTRADA COBTIERA 11 - TELEPHONE: 2240-1
. o Bailan L FAHLE: CENTRATOM - TELEX 46038% - 1
bas ‘ e
ey
-

SMR/208 - 51

SPRING COLLEGE IN MATERTALS SCIENCE
ON
"METALIL,1C MATERIALS"
(11l May — 19 June 19873

FATIGUE
(Part 1I)

..M. BROWN
Cavendish Laboratory
Department of Physics

University of Cambridge
Madingley Road
Cambridge CB3 OQHE
U.K.

These are preliminary lecture notes,

—

intended only for distribution to participants,

&_

Ore o} He rain vibnse /) ta  ayclie shas- shacn
et Seam (WiAln) P bkl
Shain  areplibeds ( G~ Mamen) o & #"--I"“"‘
S L .Y Th extsd fo Al e
o b dert e b ek S ke 4 Kt
ML"““)MGMP'S

PERSISTENT SLIP  PueNoMENN

[c-‘u.-z A ok H-w-rbu), Jow (063) Tla faschons of netuls

rapaalid olhrmsd basman, P By Sec Azso 92¢4
Fersy#.”, P 7&. (lQS‘-?)“, Frac Moy Sou , Pt

D-A-Ryde - 62 put ]
Thowmp sou. N- m&:u{o[fl? ;{ihlbw, ,(qﬁj Pt Moy L | pu3 ]

Ggebe Shainirg i &COmpomisd 17 Aords /] tdtnm alip ik
Ay o~ tfa Suaface  asd J.u-fua- ‘nfo  caaclee. 4 &
sttt Maliowss 4,, sy Had  fhus & a ‘Su{ua' /u’-—n-«.n.,
L, band- ‘gr,t.‘...J.m PR 2 | M'f‘-‘f-\""‘“—
‘t‘! e shuckinl  paneiy parallil b fa oy
/ A Gl ,N,...,_ . ledesd  qae a
’ e olistngtiy,
W a.7.«.( J]ma-ncoou-c. ‘
V‘PQ*'_ 1+ Shows ay (doalund isw 4 - F““““L
oly hond . Tle Low DY poratll fo
G..nfn. veobn  diowck o, T dard  jclinds
W o~ madaiy 4t daman ddun’u 1 aL‘/'wCu,
it cdaaa L Ll A Y ,ur..-... /w--...'...’ Lobwtan
d:.f“ j) Pt ‘rﬁ‘ oL‘&’\m et W\n‘n.ﬁ‘
b Sishim opbale, o wrbrd Ha cliasdt didos 4256



MATRIX
pss

MAWX

yﬁ'uaﬂﬂ"- f'M:.w fre~ ol PSEc .

Wa kel revr gy bo Ousmenanier U rifh, :

i) ConDiTions FoR NVCLEATION : Unds Stsw cosrrl,
PSBs  rapuin o sheo amplbind o oabeut
32 MP oppaas : au,#-b cycld ot y 2o
o HJ.-..,.&M are sefa! [ PIPY O
o‘.’.«.‘- r-a.otul ol mou Vhan the -h.’u‘-&n‘t
dacvsfap Psls ot fol o~ odbed € epilao,
[ReAs WN. Pt Mag Zo (144Y)c3s] . Umsler  Shms

Lowirel,  providat He

py Ay 0t avd 107

,Jaohrm L foborian,
Ha vaw

ard  te o.a,d-h Sham - S hsn Clnnt ,Fld_

f Cycuec STREIS-
STRAN CURVE

G

MR

T shad A w shmaibed

a‘ﬂt W VYA (xS

2! i PP

[ (43) HatSei 260y 13,200] alihe
on aanki, aokmk by Wi
[ tsee) Mot iy Jo p3n] givee
PR T “':P““ veadns .
Al Mfpendib solmals praviasly, St oL vwhsss
fabans o thoss ansbe: U @ the muclralor
Sher emplilods o 038:.  Th thes 8
o O L~ 3.5’ e loddns Séare
SGewr v 28 Mla K th dlagram. hae At
voniruedy, sokimald 4 Ad Lebrtsn 28M1a

A 8: e

[ winkn (43¢ Pht Moy 33-+r+] “ ds o - Mm



p crpteb [ Athinom, Brom KefoStblo ko, Wiordo 1132 2

TN et Lo S G mird,  hautetn  thal

ol It lonp. o Shanprt g Mabals ol Moy ). Thooy oy Ha  PSB~ MATRIX Abadionabns | upbihy  tha
b frod v ey dfred bl Strchinse © dipuid- vaper dakoekiy o pd Asvaroile.  The
Ax.‘sunuégwmm’wﬁa}‘% MM?MM}hMé
depsmdind o crptellpapdy, (stsas Ly irontealy e olasfe Shai Guplinds
{t) Two PHASE ModeL . A Ha platsos nsgve. AB J""’“"’ the Aot &L o-w‘-: e N‘iﬁ Lowas,
Shom o pIE He Gpluaemt fanckin N prreiint Al ‘?zw WL.MML‘:M{LZ-.Z .
oy ford i e rarite  Lipaskh L “‘“PL““’*.'-“? -
Bl Uik, (WHwTER's tons 1 PRt Mg 203147, the ey Sbasm-shos  conam.

Thie mtame Hal thaogd He  speia Aovga Ni) DETALEd OBScRVATIONS OF  SrRucrURE : The
+N-A~1}4—uoo-¢lu.-1) magribande,  He plowt Shuckent coeials (] 2dge  salemadn  dip lie,
Shen o e  caviad by Ha Pireisfarnd o.ﬂ.;..H-u.f?fan?Wu‘Mnn
MM,MWMMM Aniad o Kok by cwsein ke
He cpcdd plaskany, A rask e fo Prack cliprle o dops. [ Avbrsprbe I Winian
Bummsndt o Adekowbis G h Rk PRt Koy 33 (1%)83 5 E3tmarn £ Moghnks At Moy Ao (1134) 33,]
He MA,M..; et al T /Y SPYS L gt Arethon  claan irdicadion  thal s sodary, diolociknn
od "L opaan Ha  Setmalioan  Shsee ot e pind L e rleneabian O] Heaa
ploy Ha nete ) rapra pussnns - 4y e o S T
lmpertd ot shad  Oumaliieds davoity,  Th e sl ialeeabine wna clranty  alasnt
reid o tannt M(r\‘-&%} ArCamat ) Ha e 3 [ Codpys Chnn  Acka Mt (130t 1], A meetl
Ha P!L's (J—\rf«&l) Crndasar  owh l) Idoling Jlhsambin & sfA e dalrmating
Ao on dlansdl b s ( raponn ). The  mevlit dpelie o farid  dprands N8
disdy  howvr et He  andinana Lowck Hay b 4..:\1..4—(-:..... Lriskng ovtorands
&~ Q- @ o A ('Wuo;razenfg b ok~ By, (Atrrprate fon &,

Ot i avdinanae ,0(0-‘44 Thms.  Bempllad, (NI PL‘UM’ ;_:(mu)ne]. AL cutine

6r Ha shoin ah A L He madir Shas At apd thal bithin Wl

jud deandle el PSc  ge L aa (A He dipd dosty o ahh £,F

r THbe ) st nletr fr Gk wibnds o g g
L, Nove s o~ O My areonen.

Pk



3

.

Mu\m\..-.a.’ SCht  glelriatona ana ‘ykwmgwq&mawm:m

obarrnad . Tl mel  fankfh  ofetrmboms Shew o imrtedy  gupnhonad  fo te alt gasrg,
S) Hheat fma laae i G Mgl o o  rdakomeby el pet fo (nfrpribed  ao
hskon ~ Vnadiid  Go C bo Shakod e dualrativme), Lhi o Fraadt~ Lood Sowne o
[Meghakl, 1931 Pracsding ) SH Sutermakionat Comfarsmes. o Shingt P po (4 224
NUbb ot Atley | ed. Hasim, Gorrts fosiort ) Pragsomen Bm . Sex St 2 (1) o
oo pheghiaki, Acksrmane sk Huw, 13, ANHM spae TL«W‘*'] oL, bl bt e wunity
fechmicat prblicafiin (-?!‘J 7L dm#, ] Sonswr dislocaswe “~ s\"“j‘l‘ Frovtt~ Rand V"&"f @ e 2,
M‘# bk 0B aT ek e e e 7 i) APPEARANCE OF SCconoARy SUP AfR  LARRE N
Ppb g ew H“M gout Ko bnt SO &3_ ovc.&‘.,.’ i~ vecns,  and e pu-‘n,;“zwt
Wit raferamed 4o Py,  tHa aake 1 Ha L QHa  tpacimon w"”""“ T W “w
Wik e ek ! 214
’ ‘ W m deoubifad Study [ Mat. S, Erg. ¢F (M04) i)
s e bawe bt bl o ohr  Hah cdansbinsins
mh"““‘d‘"““““”"““"f““""'“‘“‘“ Satmdey  Aelnchns oppio withi Ha  PSE,
P~ [ ren 1to Pmmd-:nfﬂ It Cvf. on Digheatin v oan .‘l) ard Come A o spandl I
chd.l.‘-’ n Pl-r:n-! Syettms G-:u..:.u.‘ e, e4. “C?M-h « I fameaned ! Shmckinn  ae  Shobokad Lt
Athby, Qullemgl Woutlsy, MRt Phaganmen Prone] - P T v Lot
Mokonial | o4 /ipe. ﬁ'.,"‘T”/'{ porng | G (1) Lar > .'-'Z-':""-’“"' -€ ?’i& foo e
okt | dfpem b tnlh) p hokad Logins
ot 282 22 13t .ok 3 bt Lo b
%8 4 Y 041‘_“- "y J-)f-‘—u-?lgl Brow 133 Mot Seeman F.lﬂ"] . M»}
" -5 .90} 0.-45%.03 (5 X P':“"““” Comm A f"“"‘" o Scetrs ol Wetdman,
" ::.'1. 3; : 2 14%3 Cryséad Labves Qaads ¢ 123
wtt 5 1 I3 2.2

v) FINAL CaMMENTARY oM THIS SEcTion: Do WE ﬁemu.y
* Baoireh: Keket L fasrro, 980 Acte Mot 28 14
’ !

fletieve TaaT QR A wide CATEGoRY of Metals,
H Kimddo g N3 Acke Mok 24 i THE SAMTURATION  STRESS EQuMS THE SudvlANGE cmir?



¥

‘y APPEARAMCE OFf HYSTERESIS Loofs.

SO Gnelaret o ovllackid b Winkends C113%) popa (emdpt) mnck  Ckaighl ide ta  fakasien i Ha Laniows
M“‘"‘M"‘MJ"#‘ Mﬁm‘"’i WMM#.. L-rh.u‘_&n'. &ﬂnSM‘n,

ard  Ludeas (ctedpis) . They corulals  +Hw

Sahmrakn.  abem slecnad O Mo«-r‘-l- vt A
Shoan rovar  frarm 105 ke 10t A Ha fcl\?u.
They  gat- god o Senntans 6'\ AL G, G,

CM"W-SM)MMI‘-‘C sfarle Sy -—‘lva.u(uu/-n-

Ha Shseo- séein Lerpe ona
,:m‘M, ofpe~ °‘"""‘:“j
ey Morge  (netentfarane
H-w/ % Ondinedre
vl Ha pucliafin JZ

e fplet od ter o tHa bk, PM‘“M d'r hods, e
Tht tHhel  tHa olalumatin Stwucs 1 Tl U T2 S
W s s he : Anlis Sadinih
Ha prrodhet oly fo,de nebndly  count Com Al omi-thind A Mo aleeka
Ha Hfrﬂ shargH o mitals  and amemira Stas—  weebwler gt L 08X rukf‘«-
He ot frockom o~ p2. T gk m\k,ma.‘.:., o Bple ftneim, Tt
Lowads beng  clisn stadtment: 1A fotpue- ex W frot W“ﬁ,
shace Limit Brd o frra e sbmin - Lims b Redsrasr ood Winksn [ Acka Mot 32 (Rr2) 307 .,
(conractid dm*‘r tHhaegl  He cypclic Shim-ohacn Had  Ha dipete d#'v-rv “w Ha WedriK, e,
W) et (fn. o.wu.,,. mmafiriads . {foan ﬁﬂ, B e Lo '("-ﬁN n-.wm’ Py u_@‘ﬂ
J’xw\:thmﬁ-«Imw 8 Hovin, T‘f.u,\l.-\*vrew\.q fu—u‘-l‘u-. waed  ft St
Noquinirands fo  fyre prosirl obp feand. ¥ ‘.(,.,L-._..ILJ) s He oll mie bondipany
[ Mot e Evge 22 (136) 23], d Aallwe 2 Ll f) Ha cmpesl & vy A"‘J"‘ Wrfam,
( Athtrecn Sl TV A ey 7)) bt ab so oLCPrb W drgr fa b d VYo (Co“/d)P!Q‘)_
C—'l.uJ) sStwied,

Aod #—arl..uklu wll, A Auurqrgm
P mand  Ledla «cM.L-.uJA-.A-«quL.\
o He tpwand du-.,.qmmf,s.m b dansy
Q/ A-XZ-Z-#-‘SM,M«;,U._)_&M
ra\



2y BERAVIOVR ofF MYCR)!SMLS‘. Fa  » b
e wrdthy,  falived KL PSBs el ned Lo

frd i pyophek. Tl L decauer (o FS8

AWWH,-‘-—-«»MW

r»"aum‘dd.

("7 w"vJ,-M., Paderotr. od eummu.. C Acke, M%ﬂfﬂﬁ)?ﬂj

Aosd ook, Rt al e vy L
agn PSBs e bt n Aok,

ord  w Seafes yuw—- f) < /76«7-4-'1
T vl frschia N) thea  Sémikod, ol
+HHa el asing  om w  accomd vt kel
P A d’-n-l- P PV atml o, torvmds Rhene
. o

a4 M § frmans a—-.-,--‘-‘l-vu(m..-J {e. o a
hghom  Shon and 0 ok wndd coVagpnd b0
Ha e Bl crgafd, ot

Nrrra‘u;\’ ‘g.(tﬂq.) HRY Acka Mut],
~sie ' . (198:) 1%}

Y, *$ 4;}1:18) : -
v Aty egchl
'H-—J— ‘// Sﬂ‘ﬁ-f-' "’“3“"-" T l'nv‘lfo'l&‘\
(o)

%-1:.?'
.,:_
¥
{

QLN&H« UM1
Raomumim od Winkn, Aok Nk 's_'_gmsz)ps“‘-}_'l. i
co  Aecawe  Ha rm dafforem @ e Oyobew.

He Sackr reedd [P-tm)

R aarmotde prasred rhboivad. LTI S
How ot Aiffteinsn o dahd, Mghend

e | W‘-—-? L 1160, DafacR avd Frosbin,  fare. bt Sy,
Tuctes, Pelord, SijHaff o Nordleff) cormma 6 muel
e  Sorns Covnchgin,

bkt fochn ot tHa
ahb Ha  plodeom y M&*,J-u b prwlee (i
ralls  Arslirone Ll 6&#4 MW?
T Araed 5o ,\-w'-. wll e s
Schumwdh  fothn f) (o Al poie M
A /alr.l-u. ikl a Tagle fo-d-\# 3.
ow Ao s o aenky  Laka
ruﬁ . Wrishnd 19 (ao-’u\(u'fcdrn) +a
spdied  facbn & pasue 3 than 2. Debdlee



).9 EXPLANATIONS FoR THE ORIGN OF THE STRUCTURES

A i Ona Doma N~
(8w i F m“ N ats
ue, contalid by ta Pt e 2. (o)
1 » s m)
Stwmchinss  aw | Aimipative  strucchions’
weed 4—, P/L'mt—--. el b sehovl

Ed.
/
D Welyosy, NATS Mt Sne, Mjigl 1923] Drsleatirs

M%mww 5o e Sérmcdits

ly g b sptin. Ty e
+1a P iporndural 7 /AL..- ) Ha rafes,
a.m.-?c . ks

Stwasdind Ul L
Strnchunte Can Adudpndotand
f} Sdgts v P Sem- Collrm trslin.  Lrme -
mebon ):.-u-l— ok Lo Wiskar  ( Furdasufole
) befrivmsbin ot Frsctims, €4 [ilby Ml WM. COR
/f?.f)_ TLA-; ot .Av-uﬁ-ds L Exfnt kB

9 Aelrobn.  cpounihinn fﬂm& 6), M“&‘hﬂ-‘,}
(J\Nr ) ala

2. Wids, G & pPopm nat M‘% neticsol (Pl

M‘é’ 43?(&%)(99-5 ?‘) )- 6«47-7.1. kel
$ nggpet #d-m)" ‘ awwmxﬁ‘}

o Ao St o~ e nedt, sl fandin o
Ha rebde Che o S'ﬂ' M g5 A
lf‘:‘W" tha el plmclud  covolines

—Furu.
R S e I ~ e ‘el
(ﬁi\' P I . fao_ M .LJA.?-AAAI. r’u....:?.. ?

Y Onee o idem o

U L halppl b phlhe d) Hast
T Osvan
f/?a&:Pu‘rku,

pud, Ul pomibl b Lk
e, O] Ha PL microgephs o H

{ bt s d u—-Mn—-J\?v (Im&.._hﬂ)_ 4 ek,

Ho idan b be Unidischomek  wk- fasdaniig bro)
Kebbvown - Wikodord. ot Lodd (Mot S L,F.s.z__?(qn){gq)
seen-  bromdh L e 2 Wik~  ofgrtndl  +Hn
(e fu\l\'-l‘} b Ha. Ul el Cmmapira
Sertunr shalielnn pudly Hplie isbe He limps

e Hry f'-d- thain "'"7’ Ao e  Aiatoschn-

rml—
7 "‘"M#M-v ﬂi"mr* w"f"‘“‘ *“"‘“"'

e  Ndvtmnnd We com  (mapou A
M FIE 2N

e s e X?Oﬁ‘h{ So
Hai Ha chasrl Lecnrse

el M funcals fo endira
. Chisipaioe  Shmchime

ol boihie.

Wi abs- ,"G.G o Mok sy, #Jo-’
JI,. e Vi $ v AW ofrr  Iovr
A Avirves ‘de_ v edrin  Siuachut,  fod
Py M (»C-J. sl e wadi: ) ﬁu?

0'64(—“—0&1 f‘#f/\-lﬂ-‘;\ﬁ-.- lr‘-\;, ‘P"’ et Mo



ZVWMJ)aZ,JL,/.w,mnkaLaM
S adpunnkon. o Hdatmclon M»—«a‘ﬁsf

3. Senide /) pepm, Konddrrssn - W Ao dnd

I
avl Land PPN | /:..,46..... C Popn
Corie grn  Asfoaeur Mot St iy 31 (134 231) Thy
FrC-Jv oA Ha tarnd v bk (e-..lf\ Jt S e
Libreckin g lebretin. u-uu-, ol
hoon fo thie. e cbr

ekl Ha s
a.curl-d 47 ol ovattora, 7'(..' #han  go o=
aﬂ-l—s\l. Ha LTM “770- >, M) o“h'o‘a’h’

Jo

Ha tsichomas  fo flnr  inks s edend Shice
avel = f.,.-...ﬁ--»- §ésen . Mew st wnbe

. Conetinl Al faia e~ PRl

~ e ua-a&cknu#w-—j S‘A‘fc/ “ Mgl part
/) Ha F"Je Sitos darivie f"’"‘ Lok - SAsoase
mdrx. fhd  Rciedg fo Pedsrasn ool
Windes (Ac MF 30 () ) Lo~ 5hao

Y q elotech folle Jpsetedl, ay L Al

J? tHsor irdirined Dlesscs el it nied,
Thont @ Om :':Vscu‘-—L Soffarsmen bbb

Wiklorawn o Wikodof L Louids rawr /) TR Aprd

cLu—-T- ok e ', tha s i f"d’

$ D1
r T T v v L4
[T N T SR | "
h %
T T T T T i
Y S E T | v 4 ;
- T T r 2 $ I
L L 4 L 4 ¢
TAYLOR LATTICS DiPelE ARRAY

/u.&ov( Hhaw o ol b did L a shipdecnany Tyl
Lottii Anta  than s S e Apls arnmy.
T Adls, ditnbodin o e crmsbbant LM Ha
wankt - fen  sbasnrahine [} Atergpetes oed Wik,
(Pht Mag 3 (13)1) ok Condsed, L o Taglbe Salhi
Haow s wo Apbnclrn Aobeta sy P |
dboks fd - Arprin{ - Aarsne e ek ftme mk
dasly  ahonw  thy ol b, Dri ey Sl
Het .  Ha  etl et -L‘,n-(n. —t

O 47 Somipbony  Liha e T
L d, . Thee C(omato Joddptu - Wilednf o
Lovu 4o rdlise Amals e Somphl -f

b AU antfenr  febdee ok e Srcdeomin

Shon  Oamplbibedls, Al Al PSEr AL aC
(1A



) frm, e R ki bk caveeill,
Shain LA Con Lo flnd £y He  medrin
Sbryucdi-e Ths <o Acu»r-‘-él-ul P-Aﬂ, 47
Fpy’ 0 e ok e et
4 s dualre ol 75 “/“" ‘f“‘M'
rackoicm, onipimlh  Sepptadt £y Pl (FRU
Mag 12 G15) 329 ot 3 (190) 1214)  fhe Py -

(mprbant Ants. e shen o sl Low
o Lrredd  Aa o\cl.o-urlu'-hd :{ a2t déf-’r&o
'{Ln...;'— ao 44«7 arrndd & H T‘.bln A

£ Wa durm hows b e Asarkdls dbannbine
J) /\fl_um’ /u_aml‘s Adranrad “)— A
Ha Afands Gok (L p2w).

Nsierom, ' s

Al 1 (Y B FURPY S ,.lru's, F'neataasl
R nlawldls Stoon Ol fosl Aea  wL Srovma

mv’l—m‘-.«-i‘,, Aod  obhnm  hune! -“*‘-“"“"7
Pnoante L0L k- ender f"‘\ o~
obebilly Gt sewdee, H SR
AR Sl e
boaand o Ha N,f.w

-

4
+}
2
o

o ia FI 3o G0 /I'/'\\

£¢/ Lok hrre , ~ o~ o cladm M-JM- TR W
~  Shon "““t Gt He  Shein Arcusete
s
crhvr ol Shp cndilbby At sl
The trplovakon o carnid h Fa Aaeik
doa A & e ke et
Shasstr ok bl Ao eccin ok Ha ekl
) Shoiwe & euciisie fursG. Th ettt

manmid e ol chon

@ "

o e
] o romn | = Ml A et trndenn o

M-G\'l“"’ M‘n) net /\‘-“‘6 P‘?‘“%

lihermied, ook Ha il & A Hhed

! . lo He  ctetad  liobreopon obebivbfine,

¢ Moghody & a e ) prpss, Sephesise
oloobucot e The  fAmpsratins- Lipsdul
+He ofosved

0""/"‘6‘ M} f—f_p f'w ."M h-J
YINY SESURTI S R S PN VS
T I O A i o
) soms cbohiakiom ok gy ] g
Lo lbutodions o Al -‘—-‘rv?‘ o N
sebunabun - Ce. dy-gm' WM? oy el
X



z,

1.

S)mw-wmﬂmgm

s deolevcdon ,(_.,9,-(4./ Al THA e

Me.m7 A achoe WM The Mnlanan
ﬁ« the tchaman @ hdoad @ U ”“?‘7

Comrar  Occim I—~L & ) ran- A
M pecameer, 0"’ Al Grddion. . Tl  cleakrats
w&a - - d—.ffc ey enll A ks

L”,..J.‘Gmi-— i o A it /) f""‘

chstrmehrs  amdirryg U ppeh Ha Ruambe
Loy O tle (CovoliRem stbry s e

/Ll-i,v&«. A ke B it Gkt

T popuss  inplossd by phy Fripepee §het
s et +La aJA-uJ} ML‘F? ey o Py U 3
»-.-M', —d by b ;M& Aia ekl
e e Atacdn (e
L pope dy Walgray | Scbillin ek At fomic
(p 25F, . 528). o on  Anawpl,  TFies
cumAfsre  covelda.  Ha ('k‘-‘f\w Lofreatn,
'f“" CDN-"\L) A brvohing, f M'ﬁ 7
o s ( prued ) s hreskioy  of buaity frp.
Thy  wnthe
o+ L4 = F&) -por +mﬁ-f”_,
Sw * LFy 2 (Ifr RN
st puadive Thow allenr  (fo piecry o]

3.

A bl pdlie | o ponkoten tL ik
) Addtedis by pleeiis sken fy 4
fusk —vp o Adprte  (

) ot e ;
Liprty. 7 :

thae Corfman o
o bk oy V. e _
ot ot aelerit o T !
inotefilely,  ( Spak el padbtrming) o Hepg!
reobbo oty ( Formpred sl by~ Alisoram,
Shon fundds, The :t.lf a it
v‘»;odﬂ-nl— POV PSRN ; _g.,,.,gz, _
F""“a), A lone AN HA  a f"v‘v Y,
oMlugl o  Cobire od |
am-aly nblhd ot ht bin o SO
dalreils o )M (Ja‘/da- 4.(_‘.% oL
olrbeclt  molbiplinkiom . TLo  vany aimgts
1""“‘7 oty Y L

e Sadkunnbnn,

/7 ¥ 7

H* frrn, LA 1100 Ochrends Modalley, 9 Phpical Syt
L. o



98- Wuaﬂom.cg’ud-.f)&ﬁb,.;? m

M-‘W J?. -f-‘;,..? A v : o,

desdacd: e, [n J’*—& A porbae, Th Aok

M Crraan R P n\/

(P
et '“TM iried  Coara L Sadunidn
sbom (Ardinsen L), tEa the
- - /uﬂm'-“-/- O—‘r ford — {Ka  Shem

5 THE (N TIATION OF <RAcKs,

o~ MD\T‘-‘/ Crncian Sna St fielld ol r---
bruwdanve  amd oL e lidacatekon J) [uasiclnd
ol-‘r Aode il e Sepfoce. . L
Cante, o ohetnvay  vfa micleablon and Dlon
G e Gopf b ek Shew
MM-FWJA'A;, fo o @ mrelmnsna Lol
(TL Aorebions ane Ardiuh  Nonad o ays,

AL o —‘»7’“@ b e M radid)  Ka

HMM&-&.MM PO S Ay "y

frtem nfe  cccomsd  hie e danany
INT ERNAL  STRESS aed SUEFACE STRESS ) PSB:
Wa wa hena M—Lﬁ o  featment
A (o ovd Ogin (198F Furdamentals ) Dafrmbsn
ord Enactou oh Gsh of-of. CdP) H e
Aol (plF] @ Aceneparid 4y

@n



Y okl

o oy JZFIJ,SAMCB el .6.,) ool rdltrdl
Paditn . Sthorad  la . ( . Onproeer 7
+o e . L Dd’ e eom t ¢ F~ "
N ~ - . L Wl de BEe oL s sdape sy e
G [ pemsy e et i
d,;f‘,(.’ ‘ 6' f,‘c.&uv\..l eliclradn. £ wrhoman, )'h el Lo 4 i SM .:A-n.’
Affbd- @ .Lku—v‘-"'“"— o et /, e yarl. 03’;_“( ~ L sl A,a “oe M)‘&
(Essbell 1ot bk apensy o sk y Wy stambhn  nld  tha axifenn o an
b 4y«  Conranr Loy @ lbchvimguitin . mpy) olderreblig comporirk  Ga e b fror~
H e AE  tordeie & Lran St radin forain b e e fock ;: -~
o et el el et G e Crinodiy axec LY o priisy
e Wende (au/,b) W 2.0 NI PUNY ¥ SN ot_'r R Se Cran oo df&. rda
e

s oo ca,du;, /ohn-u.bl Brel M skt ek - eDo’ - ec.aé + @_‘} c{: 38/
A& coman o chre i oy Lewale, Ju.r,-‘, accnmndels

(S pR}
ta  fha Pl TFean rsiem ago brhers € er 4 (077 o e - forek
5 éoooe, Ao ot cﬁ-.d. rie Ao Mecaten DC  shex @-a) & fa (M gnu.l) Sopulan.
ftan Afarr o /ca«»-’ ooy _Lrv b , M%M § St /llm’ oyl ebr -
I Akl 4o e plil sbed a . Afard.
Aol g § ada, A we P oy g T VAP S-S e
nl?'q oce bap +L. PR Phaw A

¥ (Sdence 4 ffaal Stacas 7 @) d}m.'.r

/

Ul SE ) el e ey phen el

trtonid ‘L‘“‘ﬁ Hrm e alfinm ahing
-3 s s B takes fordaniny foitn et (2)  TL et e
" 7 ) / :::rr, Ll o A 7 ,4-,;7 _ta-._.:
:i 3A~J° M?tdp_,u amw“ﬂ:c,, - il oboe tt o b tog amepl
A-o&t;-ﬂ-#m% 722_/%:\1-.4;(, ’?m o prabu /J&o('u? . T 4.9,, o~

T T e v v . e P /‘-\



Y

Ww%wg)%/gf% WSW**AMQM-:M.«.@'.,
o v . ’ oherm. A e ha- y
Gty { "~ kﬁg,l. ca c,.r‘..l. Py Ay X ( Can M qﬂ‘ Mﬁiq
DNV ng,c.l-:u, a Péamin a?~/0-,- ta sbom & f"“ ‘3
Ve, bt e b Sigm of 2p A
Cyy L 24 ro.
Heio fd—v .!4'\-1-9./ Bor o~ G, o Ia'd“"' YY () S A ¢
“  Agesthmicadl  pfimE Susfoe.  Sbuce el sadL L A T 1
it PSE ok e axtsind ufom The, Hlan & th deresl Shaw Lobabebis
o e canche : ’
Ak e f\.n.. A /g,
¢ 5o decefsan occim, he Qw'“m}. ‘W‘}
Gy 11 6, [ LSt b Lot el u :
Yy ,,(%) R A XY,
Sbase  Hfa Shase oot bom, facnra ol -
i +8. +¢ wr -§_______ Gufaidl | w3t Rea Aot Lo
i b brm it i Secemd presi
tension A;;c_;s‘_bn o~ pB3o Hrw and caache /m.au-ut 4,
/ Cyclie 3pia on en  tfancier  Swntd /.d.ld
. ..|--8 JM-f-N-t?
SoME DETALED O0LSERVATIONS
J
feonbly A  Laati g oo
M /} f,?- M'T e a“{‘“. m“-’ l&‘\t\-:w fn.‘;a.‘/v‘l .M /‘( »‘M -
- falarcd turface skom Al cmm Axisb ra brfer 'z"""'-j o Ha el
M ploe shis puflm G T Y H““’“‘)”""“’_ cacds  oni  ahrey
bord o L e | fackims o He  Torfom Axfomsly  dherp R he relomic o
L l‘wﬂy'»‘uf Ao /:u.rub‘u -“ W / I H ""7' %“" ‘ﬁ’\ - a,
deckle mebetl. Koo 2?7 7L
D From o Sippll sk e Smlenihrom

T e e e o m



Sek o H hp ) e crack,  yal
e gt Ay b T Thy g
4y adebiy Mqam/f_\ e
Leaouel e o o R o :
Aiprts g Bt canch, ond
[ S N e " ‘t‘r"’ PN . 5 0--4-:-‘?
h?f“r i canch L x 6, e d«?u.
e ch A_?/t( Losd  Loma a At & otappl.
b U, T are g e s .

e L] freamem K sy g
s .| 2 a4y
_I. :’"_‘ E e Y N A Y W Sy .-ffu#

VST |

Nostinbnl ( Ack M. (135", St adog Furdenedut

Dfrmabin onet Frschiat,  sde Billy Lrot, CuPiris,
ol ) Hhe
U:yoﬁal-'m. Bok e  sirobin
lmf e oden gt
ey ol ou-d'b’ ‘7 abdt
afnrae ety Vo ey ole,

-

[

o ) t‘.rde} _
tr Hovsards _3
? = [0

crach terg t/,\»-
} L i ) 1 { t




1 A B R ™
? d'{‘d'.—ﬁ %‘s:&ud'm‘ l!a{‘ ﬂt
Lorh)  ( coddld, N W[ PSE Strvuchins 4y
Ho Crem- olp "f Sersu~ chakscatins) o bl
LT pam, avef e  Crackes Fo ") 'R
o g, e crgopl W ok ebrde
to® cy cleo Ak Ol ~ Flseltd chpche

St st A
Comrmmerty

D e prlpongtnt,  stndie by Muluti's
T C s nf. Ltlnn PiY) ok el
cracirs aras f\..,_ Ha '.”'r"‘w"‘" ‘7
PSe's o4 F e forird anie. M’
M e Merd  spmien € cmmant L

MK}\WM‘-\-

J—l'-a\:l) b cechmmad ol od- /h“_‘(.m;,_/ Se

crochry  occunn ffann — MM
b prank et P (uedany

merls  ffa ctwe fernmed Ou-n-f#u—- ae &

s dh pla Aok gham, Pk oo

Hs MMJ( 5 lernn j/ww% tf

Sront ool e C?dl- e f—xw o

O‘-ﬁ*-ﬂ V-vv? o hilan  obatrrrbine [ Loim,
vl Fie mrore. ary Loand  Mat So
awd &rg. Go (/783) #5)



#5)

TARLE OF CoNnTEMTS

F&ks,u: M‘AH\'O)\, pl

M’ f’Msl“y .

Pz
Griffitl Cprach P
Lefekn & il cdiene PB
Formatae Ff—
Sunr..-7 of resaihs or  crmcke greviL /).s"
TRii, | P¢
Wakter oy “ Curves P &8

Coffin - Martee (owr P ¥
Explarchor of He Paris law P Xo
[l :t,alauh'ol- of Thresleld Siress Tndersity ple
t_w'tflkhv‘\'u- .f- Coffis~ Marge Lar P T,
success £ Fitre o f Cractare Meclanks P2
Cyelie Plash'cl‘-\‘-y p it
Persistans § (¢p Pharemene ple
Mucle adion pe
PN
P 20
Seturebin Sivess Cpbeds Sidaraiee Limt PZ?'
H»ycareﬁ'; Lurj Vd 2¢
Qelaviour of f.f7uys+-/r pas
E:;cf/ag adiers Sy  DislocaLon Stinclures Pt
Winder I 23

Mkl mapn~ wilsderf 5 Lonird P 9

Tiwo Plg.u o daf
Structurd  [leforls

A0

) Vauw mars

£
Mughrad p 3%
Pﬁ"’.ﬂt‘u Sehaof /J 32
Brows Pt
Thé&E

INITIATON Of CRACKS {:.7‘
Trdtrral Stress ard Sirface Stress

F?C
Detailed olbservahons P"O
Hussehe L AMowmans P 1
G‘~$n'0-’hp L fcginsk, f)?-'a-
HBLr.h’ ff-}
Tf\-ury ff‘f
LM 8.
Jure 19771

3



